Interactions between neurosteroids and GABA receptors have attracted 34 particular attention in the supraoptic nucleus (SON). Although GABA A receptors 35 (GABA A R) mediate a sustained tonic inhibitory current (I tonic ) as well as conventional 36 phasic inhibitory postsynaptic currents (IPSCs, I phasic ) in the SON, whether the 37 steroid modulation on I tonic is present in SON magnocelluar neurosecretory cells 38 (MNCs) is unknown. Here, we addressed this question and gained insights into the 39 potential molecular configuration of GABA A receptors mediating I tonic and conferring 40 its neurosteroids sensitivity in SON MNCs. THIP (4,5,6,-41 pyridin-3-ol) (1 μM), a relatively selective extrasynaptic GABA A R agonist, facilitated 42 I tonic without affecting the main characteristics of IPSCs, while DS-2, a relatively 43 selective modulator of GABA A R δ subunits, caused minimal changes in I tonic of SON 44
INTRODUCTION 57
The magnocellular neurosecretory cells (MNCs) of the supraoptic nucleus 58 (SON) project to the neurohypophysis (2) where they release oxytocin or 59 vasopressin into the bloodstream, and play fundamental roles in reproduction and 60 fluid balance homeostasis. GABA, through activation of GABA A receptors (GABA A R), 61 is a major neurotransmitter modulating neuronal excitability in SON (21, 26, 39) . In 62 SON MNCs, interactions between neurosteroids and GABA A receptors have 63 attracted particular attention. Oxytocin release from the dendrites of SON neurons 64 acts back upon the neurons to reduce the efficacy of GABA actions, and this effect is 65 blocked by the neurosteroid allopregnanolone (3α,5α-THP). At term pregnancy, the 66 fall in progesterone precipitates enhanced excitability of oxytocin neurons through 67 this effective GABA disinhibition (7, 9) . 68 GABA A receptors underlie persistent tonic inhibitory currents (I tonic ) as well as 69 conventional inhibitory postsynaptic currents (IPSCs, I phasic ) in the central nervous 70 system (15, 25, 44) . GABA A R mediating I phasic are activated by brief exposure to high 71 concentration of neurotransmitter, while the receptors mediating I tonic are activated by 72 low ambient concentration of transmitter in the extracellular space. I tonic originally 73 known in cerebellar (CGCs) and dentate gyrus (DGGCs) granule cells is mediated by 74 GABA A R containing δ subunit associated with the α 6 subunit (22, 28) and the α 4 75 subunit (48), respectively. I tonic mediated by δ subunit-containing GABA A R appears 76 more sensitive to neurosteroids than its synaptic counterpart, I phasic mediated by γ 2 77 subunit-containing receptors. For example, I tonic is selectively enhanced by a low 78 concentration of 3α,5α-THDOC that has no effect upon the kinetics of I phasic in 79
DGGCs and CGCs (46) . 80
Facilitation of I phasic has been considered the primary mechanism whereby 81 neurosteroids influence neuronal excitability in SON MNCs (8, 14, 23) . However, 82 GABA A R of possibly different molecular configuration mediate I tonic as well as I phasic in 83 SON MNCs (32) . Despite the wealth of information available on I phasic , no information 84 is available so far on the neurosteroids modulation of I tonic in SON MNCs. Even 85 whether the steroid modulation on I tonic is present in the neurons is unknown. In this 86 study, we obtained information on the molecular configuration of GABA A receptors 87 underlying the steroid modulation of I tonic , and showed the major role of I tonic in 88 pregnane steroids potentiation of GABA A inhibition in SON MNCs. 89 90
IPSCs. The holding current (I holding ) and RMS noise were measured in 50 ms epochs 116 of traces lacking PSCs, separated by ~800 ms, in periods of control ACSF and in the 117 presence of drugs and additional GABA A blockers (n= 40 epochs in each case). The 118 GABA A receptor-mediated tonic current (I tonic ) was defined as the difference in I holding 119 before and after application of GABA A receptor blocker bicuculline (20 µM) or 120 picrotoxin (300 µM). RMS noise was measured in the same epochs using 121
MiniAnalysis. 122
To study the effects of I tonic on firing discharge, recordings were performed in 123 the current-clamp mode. Firing discharges (spontaneous or evoked using DC current 124 injection) were recorded in continuous mode. Firing rate was calculated using Mini 125
Analysis, by counting the number of action potentials in 10 s bins, for a period of ~3 126 min before and after bath application of THIP. Mean values for each condition were 127 then obtained. 128
Drugs were added to the perfusing aCSF solution at known concentrations. 129
The final concentration of dimethyl sulfoxide (DMSO) was less than 0.05%, when 130 used to dissolve drugs. All drugs were purchased from Sigma-Aldrich (St Louis, MO). 131
132
RT-PCR. Using the RNeasy total RNA isolation kit (Qiagen, Valencia, CA), 133 total RNA was extracted from the SON and hippocampus microdissected from 300-134 µm-thick acute coronal slices, and treated with 10 U of RNase-free DNase I 135 (Invitrogen, Carlsbad, CA) for 30 min at 37°C. For the SON, the tissue punches were 136 pooled from 3 rats. Reverse transcription (RT) was performed using the SuperScript 137 III First Strand Synthesis System (Invitrogen) according to the protocol of the 138 manufacturer. Amplification of cDNAs via PCR was performed using primer pairs 139 designed to amplify the GABA A R α 5 subunit (5'-AAA GGG GCT ACC TCT CCA AA-140 3' and 5'-ATT GCC TCC CGT TGT TGT AG-3'), γ 2 subunit (5'-CGG AAA CCA AGC 141 AAG GAT AA-3' and 5'-GAA CAA GCA GAA GGC GGT AG-3'), and GABA A R δ 142 subunit (5'-GGC ATC CGT TCC AGA CTC AA-3' and 5'-TCC TCT CTG TCC CAC 143 TTT GG-3'), respectively. All primers were synthesized by Bioneer (Daejeon, Korea) . 144
Mixture of PCR reaction contained (in μl): 1 of 10 pmoles each primer, 12.5 of 2X 145 master mix buffer (Go Taq Green Master Mix, Promega, Fitchburg, WI), 2 of dimethyl 146 sulfoxide and 4 of the cDNA template. The annealing temperature in the thermal 147 cycler was 60 °C, and 30 cycles were performed. Final PCR products were detected 148 by electrophoresis in 1.8% agarose gels with ethidium bromide staining. All the PCR 149 products were purified using a PCR purification kit (Qiagen) and confirmed by 150
sequencing. 151
Real-time PCR was performed using StepOnePlus Real-Time PCR System 152 (Applied Biosystems, Foster City, CA) with cDNA from the SON slices and dissected 153 hippocampal dentate gyrus. Primers were designed using Primer Express 2.0 154 (Applied Biosystems), and synthesized in Cosmo Genetech (Kyonggi-do, Korea) (α 5 155 subunit, 5'-TCC AAT GCA GCT TGA GGA CTT-3' and 5'-GAA TTA GGG TAA 156 GCA TAA CTG CCA A-3'; γ 2 subunit, 5'-AAC AAA CTT CGG CCC GAC A-3' and 5'-157 GCA TTC ACT GGA CCA ATG CTG-3'; δ subunit, 5'-GCA ACT GGC CCA GTT 158 CAC TA-3' and 5'-CCG AAG CTG GAA GTG TAA GCT-3'; β−actin, 5'-CAA GAT 159 CAT TGC TCC TCC TGA G-3' and 5'-TCC TGC TTG CTG ATC CAC A-3'). The 160 reactions contained 0.7 μl of cDNA template, 0.2 μl of 10 μM in each forward and 161 reverse primer, 0.4 μl of 50x Rox dye, 10 μl of 2x SYBR master mix (SYBR Premix 162
Ex Taq, Takara Bio Inc., Japan) and 8.5 μl of nuclease-free water in total 20 μl 163 volumes. Thermal protocol was as follows: a pre-denaturation at 95°C for 30 164 seconds, amplification with 40 cycles of denaturation at 95°C for 3 seconds and 165 annealing at 60°C for 25 seconds and dissociation stage programmed in the system 166 for melt curve analysis for PCR product specificity. No contamination of the genomic 167 DNA was detected from negative controls by running RT without the reverse 168 transcriptase. The Ct (threshold cycle) values for transcripts were obtained from 169
StepOne Software 2.0 (Applied Biosystems). All samples were run in duplicate and 170 averaged to use for further calculations. The results were analyzed using the 2-ΔΔCt 171 method (24, 41). The relative mRNA expression level was normalized by β-actin. 172
Primer efficiency for each target and reference were calculated using the equation 173 The δ subunit-containing GABA A receptors responsible for I tonic are a 183 preferential target for endogenous neurosteroids in the brain (5, 46) . To determine 184 the functional contribution of δ subunit-containing receptors to I tonic in SON MNCs, we 185 tested the effects of THIP (4,5,6,7-tetrahydroisothiazolo-[5,4-c] pyridin-3-ol), a GABA A 186 receptor agonist preferentially activate δ-over γ 2 -containing GABA A receptors (1, 6, 187 13) ( Fig. 1) . 188 A low concentration of THIP (100 nM) caused no significant change in I holding 189
and RMS, or in major properties of IPSCs ( Fig. 1 ). However, bath application of 1 µM 190 THIP caused a significant inward shift in I holding (Δ12.24 ± 2.77 pA, n=11, p<0.01) and 191 RMS increase ( Fig. 1A) , an effect that was blocked by the GABA A receptor blocker 192 bicuculline (BIC) or picrotoxin. In contrast, THIP (1 µM) induced no detectable 193 changes in the frequency, amplitudes, and decay time of IPSCs (Fig. 1B) . Despite its 194 selective modulation of I tonic but not I phasic , THIP (1 µM) significantly attenuated the 195 firing activity of SON MNCs ( Fig 1C) . 196
These results reinforced our hypothesis that GABA A receptors mediating 197 phasic and tonic inhibition have distinct molecular configuration, and that the latter 198 inhibitory modality plays a major role in modulating SON neuronal excitability (32). 
DS-2 has no effects on I tonic in SON MNCs. 203
To further verify the functional contribution of δ subunit-containing receptors in 204 I tonic of SON MNCs, we measured I holding and RMS changes in response to 205 application of DS-2 which preferentially enhances the interaction of GABA with δ-206 over γ 2 -containing GABA A receptors (49). 207
Bath application of DS-2 (30 ~ 100 µM) caused minimal changes in I holding and 208 RMS in SON MNCs (p>0.6 in both cases) ( Fig. 2A ). To determine if DS-2 does act 209 as a modulator of GABA A R δ subunit, we tested the effects of DS-2 on I tonic of 210
DGGCs in hippocampal slices, mediated by δ subunit-containing receptors (48). DS-211 2 (30 µM) caused a significant inward shift in I holding (Δ15.04 ± 3.75 pA, n=7, p<0.01) 212 along with an increase in RMS, effects that were blocked by the GABA A receptor 213 blocker BIC (Fig. 2B) . 214
These results suggest that GABA A R δ subunits contribute to a much lesser 215 extent to I tonic in SON MNCs than they do in DGGCs. 
Inhibition of L-655,708 on I tonic in SON MNCs 220
In addition to δ subunit-containing GABA A R, α 5 subunit-containing GABA A 221 receptors have been known to mediate I tonic in the hippocampus (15, 25) . To 222 determine if this was also the case in SON MNCs, we measured I holding and RMS 223 changes during the application of L-655,708, a GABA A R α 5 subunit selective partial 224 inverse agonist (11, 37) . IPSCs decay time (control, 19.77 ± 1.46 vs L-655,708, 17.58 ± 1.28, n= 10, p<0.01), 228 but had no effect on IPSCs amplitude (control, 237.34 ± 40.08 vs L-655,708, 188.08 229 ± 19.38, n= 10, p >0.1) and frequency (control, 1.48 ± 0.24 vs L-655,708, 1.38 ± 0.30, 230 n= 10, p> 0.3). To further assess the contribution of GABA A R α 5 subunit on I tonic , we 231 tested the effects of L-655,708 in the presence GABA (3 µM) added in perfusion 232 solution. In the presence of 3 µM GABA, L-655,708 (5 µM) induced significantly 233 larger outward shifts in I holding (Δ16.35±3.94 pA, n=7) than those in normal ACSF (p < 234 0.01). Consistently, L-655,708 caused a larger decrease in RMS noise in the 235 presence of 3 µM GABA (p< 0.01, compared to normal ACSF) (Figs. 3A and 3B) . 236
Interestingly, the L-655,708-sensitive portion of the total I tonic uncovered by the 237 additional application of BIC was not different in the absence or presence of 3 µM 238 GABA (p>0.5) ( Fig. 3C) . 
Facilitation of I tonic by benzodiazepine in SON MNCs 246
Diazepam enhancement of GABA currents requires GABA A R α 1-3 or α 5 247 subunit associated with the γ 2 subunit (4), whereas zolpidem differentiates α 5 -248 containing GABA A receptors from α 1-3 -containing receptors by its low sensitivity to 249 the α 5 subunit (36, 40, 45) . To further verify the involvement of α 5 subunit-containing 250 GABA A receptors, we determined the sensitivity of I tonic to benzodiazepines in SON 251
MNCs. 252
Diazepam (1 µM) caused a significant inward shift in I holding (Δ22.06 ± 3.22 pA, 253 n=7), and increased RMS from 3.20 ± 0.16 pA to 3.49 ± 0.20 pA (n=7) (p < 0.01 in 254 both cases), supporting contribution of γ 2 subunit-containing GABA A R to I tonic , likely 255 in association with α 1−3 and/or α 5 subunit. To further verify the GABA A R α 5 subunit 256 involvement, we compared the amplitudes of I tonic in the presence of zolpidem and 257 diazepam in SON MNCs (Fig. 4 ). I tonic uncovered by BIC in the presence of zolpidem 258 was much smaller than the one in the presence of diazepam (p<0.01 in both cases) 259 ( Fig. 4B ), although zolpidem also caused a significant inward shift in I holding along with 260 an increase in RMS. These results suggest that GABA A receptors containing α 5 261 subunit in association with γ 2 subunit are the most likely configurations mediating 262 To further confirm the presence of the GABA A receptor subunits δ, γ 2 and α 5 in 268 the SON, we performed RT-PCR analysis of SON tissue punches. Our results 269
showed the presence of mRNA encoding for all three GABA A R subunits, although 270 the δ subunit mRNA was expressed at a considerably lesser degree than γ 2 and α 5 271 subunit mRNA ( Fig 5A) . As a positive control, the presence of mRNA encoding for 272 GABA A R δ subunit and the other two subunits was confirmed in hippocampal tissue 273 punches with the same primer pairs. PCR product was not detected in any of the 274 samples in which reverse transcriptase was omitted (-RT), indicating no genomic 275 DNA contamination (data not shown). The lesser expression of δ subunit mRNA 276 than γ 2 and α 5 subunit mRNA was further confirmed by real-time RT-PCR in the SON 277 ( Fig. 5B ). Furthermore, δ subunit mRNA expression level in the SON was even less 278 than in hippocampal dentate gyrus ( Fig. 5C) . 
Facilitation of I tonic and I phasic by pregnane steroids in SON MNCs. 283
To assess neurosteoid modulation on I tonic in SON MNCs, we tested the 284 effects of the pregnane steroids (allopregnanolone and 3α,5α-THDOC) on I holding and 285 RMS in the neurons (Fig. 6) . 286
Bath application of the allopregnanolone caused a dose-dependent inward 287 shift in I holding (Δ4.73±1.211 pA, n=7 and Δ37.61±7.77 pA, n=14, 0.1 and 1 µM 288 allopregnanolone, respectively), an effect blocked by the GABA A receptor blocker 289 bicuculline or picrotoxin. Along with an increase of I holding , RMS increased by 0.1 290 (P<0.05) and 1 µM allopregnanolone (P< 0.01), respectively (Fig. 6A ). Similar effects 291 were observed when another pregnane steroid 3α,5α-THDOC was used. Results are 292 summarized in Fig. 6B . 3α,5α-THDOC (1 µM) increased I holding (Δ34.46±8.90 pA, 293 n=18) and RMS, respectively (P < 0.01 in both cases). 294
Consistent with previous reports (7, 14) , allopregnanolone also prolonged the 295 decay time of GABA A receptor-mediated IPSCs (~130% and 280% by 0.1 and 1 µM 296 allopregnanolone, respectively) without any significant change in the frequency of 297
IPSCs. 3α,5α-THDOC (1 µM) also prolonged the decay time of IPSCs (n=18, 298 p<0.01) with no changes in IPSC frequency. Major properties of IPSCs before and 299 during the presence of the steroids are summarized in Table 1 . 300
Altogether, these data support that both tonic and phasic GABA A inhibition are 301 effective targets of neurosteroid modulation in SON MNCs. To determine the relative contribution of I phasic and I tonic to neurosteroid 308 facilitation of GABA A inhibition, we estimated and compared the neurosteroid-309 facilitated charge transfer and mean currents mediated by the two inhibitory 310 modalities. The mean I phasic was calculated by multiplying the charge transfer of the 311 averaged IPSC (the integrated area under sIPSC) by the sIPSC frequency for the 312 comparison, as previously described (32). In consistent with the previous report, at a 313 frequency of ~2.5 Hz, IPSC charge transfer (2.62 ± 0.17 pC, n=35) resulted in I phasic 314 of 7.82 ± 0.52 pA in SON MNCs. 315
Although the neurosteroids increased both I phasic and I tonic as shown by the 316 prolonged decay time of IPSCs and inward shift in I holding , respectively, the overall 317 increase was mainly mediated by I tonic . Indeed, I tonic increase reached ~5 times and 318 ~18 times of the mean I phasic increase in the presence of 0.1 and 1 µM 319 allopregnanolone, respectively (Fig. 7) . 320
Similar results were observed with 3α,5α-THDOC application. Despite their 321 significant increase to ~220% of control, and due to their transient nature and rapid 322 kinetics, the overall increase of mean I phasic was negligible compared to I tonic increase 323 in the presence of the steroid. At an average frequency of 2.84±0.56 Hz (n=18), 324 3α,5α-THDOC increased mean I phasic by 1.17±0.46 pA, which was much smaller than 325 I tonic increase (34.46±8.90 pA) (n= 18, P< 0.01) (Fig. 7) . 326
Thus, our results indicate that most of GABA A receptor-mediated inhibition 327 (phasic + tonic) is carried by the tonic modality during neurosteroid modulation, as 328 we previously observed under normal basal conditions in SON neurons (32). 
Effects of L-655,708 on I tonic facilitation by pregnane steroids 333
To assess the contribution of GABA A R α 5 subunit to neurosteroid modulation 334
of I tonic , we tested if L-655,708 attenuated I tonic facilitation by the pregnane steroids. 335
Results are summarized in Fig. 8 . 336
In the presence of L-655,708, allopregnanolone still facilitated I tonic as shown 337 by increased I holding and RMS (Fig. 8A) . I phasic was also potentiated by 338 allopregnanolone, as shown by the increased decay time of IPSCs (Figs. 8B) . 339
Importantly, L-655,708 attenuated allopregnanolone-induced I hoding increase (p<0.01), 340 while it did not alter the prolongation of IPSCs decay time by the steroid (p > 0.7) 341 ( Fig. 8C ). In the presence of L-655,708, allopregnanolone-induced inward currents 342
were decreased by ~30% compared to those observed in control ACSF. The main findings in the present study may be summarized as followed: 1) 348 I tonic in magnocellular SON neuron is largely mediated by benzodiazepine-sensitive 349 GABA A receptors containing α 5 βγ 2 subunits; 2) the minor contribution of GABA A R δ 350 subunits to I tonic likely explains the similar neurosteroid sensitivity of I tonic and I phasic in GABA A R δ subunit in mediating I tonic in these neurons. Furthermore, even 1 µM THIP 368 caused a much smaller increase of I tonic in SON MNCs than that evoked by 3 µM 369 GABA in the present study (THIP, 12.25 ± 2.77 pA, n=11 vs GABA, 46.20 ± 4.71 pA, 370 n=7, p < 0.001) ( Fig. 1 and Fig. 3, respectively) . Given that GABA acts only as a 371 partial agonist on GABA A R containing δ subunit, which is a preferential target of the 372 "super-agonist" THIP at nanomolar range (46), these results suggest a minor role of 373 GABA A R δ subunit in I tonic of SON MNCs. The notion is in agreement with relatively 374 low expression of the δ subunit mRNA in the SON (Fig. 5) in the same recording conditions (Fig. 2) . Combined with lesser expression of the δ 386 subunit in the SON than in the dentate gyrus (Fig. 5) neurons (10, 20, 35, 42) . The zolpidem-sensitive I tonic possibly mediated by GABA A R 399 α 1 subunits have also been uncovered only by the increased extracellular GABA 400 concentration in hippocampal interneurons (43) and preganglionic neurons of dorsal 401 motor nucleus of the vagus (18). Unlike the neurons, therefore, our results showing 402 L-655,708 blocked basal I tonic in normal ACSF indicated that endogenous ambient 403 GABA is enough to activate GABA A R α 5 subunit-containing receptors in SON MNCs. 404
This notion was supported by the result that L-655,708 inhibited a similar portion of 405 I tonic due to endogenous and raised ambient GABA in SON MNCs. Therefore, α 5 406 subunit-containing GABA A receptor may be one of the major contributing isoforms 407 mediating I tonic throughout the wide physiological range of ambient GABA 408 concentrations in SON MNCs. 409
Diazepam enhancement of GABA currents in mature animals requires 410 GABA A R α 1-3 or α 5 subunit associated with γ 2 subunit (4). Therefore, our data 411
showing that diazepam increased the amplitude of I tonic suggests that GABA A R α 5 412 associated with γ 2 subunits are involved in the tonic inhibition of SON MNCs. In 413 addition, our results showing a zolpidem-induced I holding shift suggest that additional 414 isoforms such as α 1 subunit are also involved in I tonic of SON MNCs. Given that 415 zolpidem differentiates α 5 -containing GABA A receptors from α 1-3 -containing receptors 416 by the low sensitivity to α 5 subunit (36, 40, 45) , the preferential modulation of 417 diazepam over zolpidem on I tonic is in line with the premise that α 5 subunit-containing 418 GABA A R, among others coupled to βγ 2 subunit, dominantly contributes to I tonic in 419 SON MNCs. To confirm the coupling between the subunits in the neurons, future 420 studies using immunoprecipitation or transgenic animals are warranted. 421 422
Neurosteroid sensitivity of I tonic in SON MNCs 423
Our data have suggested the minor role of GABA A R δ subunit in I tonic 424 facilitation of pregnane steroids in SON MNCs. The δ subunit-containing receptors 425 have been known to be more sensitive to neurosteroids than their counterparts 426 containing γ 2 subunit (46). Indeed, small basal I tonic predominantly mediated by δ 427 subunit-containing GABA A receptors is increased by 3α,5α-THDOC in CA1 neurons 428 (42), while I tonic mediated by another isoform such as α 5 subunit-containing GABA A 429 receptors with raised ambient GABA is unaffected by the neurosteroid (20, 46) . In 430 this sense, the similar sensitivities of I phasic and I tonic to the pregnane steroids in the 431 present study indicate a major role of γ 2 subunit-rather than δ subunit-containing 432 receptors in I tonic of SON MNCs. It is also consistent with our results showing that 433 endogenous ambient GABA is enough to activate α 5 subunit-containing GABA A 434 receptors in SON MNCs, and that the GABA A R δ subunit was expressed at a much 435 lesser degree than α 5 or γ 2 subunit. However, we cannot completely exclude the 436 possibility that δ receptors also play a partial role in I tonic facilitation of pregnane 437
steroids. 438
Although the possibility was argued by our result that THIP facilitated the I tonic 439
but not I phasic in SON MNCs, similar sensitivities of I phasic and I tonic to the steroids 440 raised the possibility that the two modalities are mediated by the same GABA A 441 receptor isoform. Indeed, GABA A receptors containing α 5 -and α 1 -subunit mediate 442 both I phasic and I tonic in CA1 neurons (51) and pyramidal neurons of neocortex (50), 443 respectively. However, the significant effects of α 5 subunit-containing GABA A 444 receptor inverse agonist L-655,708 on I tonic with minor inhibitory effects on I phasic in 445 the present study support that GABA A R α 5 subunits contribute dominantly to I tonic 446 rather than I phasic in SON MNCs. Furthermore, our results showing that L-655,708 447 inhibited the facilitation of pregnane steroids on I tonic with negligible effects on I phasic 448 support that GABA A R α 5 subunits are selective targets of neurosteroid modulation of 449 I tonic but not of I phasic in SON MNCs. 450 In the present study, I tonic responses to the steroids vary in different SON 451 neurons but could not be classified in two or more groups (data not shown). This 452 may be consistent with our previous report that I tonic is not different in 453 vasopressinergic and oxytocinergic neurons identified by post-hoc 454 immunohistochemistry (32). It is noteworthy that marked plasticity in GABA A 455 receptors occurs in adult oxytocin neurons of the SON during pregnancy (16, 17) . 456 I phasic is potentiated by neurosteroids in oxytocin neurons expressing a relatively high 457 α 1 :α 2 subunit mRNA ratio, but relatively insensitive in neurons with a lower α 1 :α 2 458 subunit mRNA ratio at post-parturition period (7) . Although our data suggest the 459 major role of α 5 subunit in basal I tonic in SON MNCs, an increased contribution of 460 other α subunit by neurosteroid challenges cannot be ruled out, especially in 461 oxytocin neurons. 462 463
Physiological significance of neurosteroid modulation of I tonic in SON 464
MNCs 465
Our findings indicate that sub-to micromolar concentrations of 466 allopregnanolone and THDOC that may occur during parturition (12, 47) facilitate 467 I tonic as well as prolong IPSCs in SON MNCs. Under basal conditions, I tonic accounted 468 for more than ~ 70 % of the total GABA A -receptor mediated current in various brain 469 regions including SON MNCs (29, 31, 32) . In the present study, I tonic also mediated a 470 major portion of the total GABA A -receptor mediated current during neurosteroid 471 facilitation, even though the pregnane steroids facilitated both I phasic and I tonic . 472
Modulation of basal I tonic , without necessarily increasing the efficacy of excitatory 473 inputs, can directly affect intrinsic properties and firing output of SON neurons (32). 474
Thus, the GABA A tonic inhibitory modality is expected to have a major impact on 475 SON neuronal excitability in both basal and elevated neurosteroid levels of the 476 nucleus. 477
One of the most common physiological conditions associated with elevated 478 steroid hormone levels is pregnancy. During pregnancy, progesterone levels rise 479 approximately 200-fold, and there are also large increases in the levels of the 480 neuroactive steroids allopregnanolone and THDOC (12) . Previous studies reported 481 that the fall in progesterone at term pregnancy precipitates enhanced excitability of 482 oxytocin neurons (7, 9) . Importantly, these studies were focused on GABA 483 disinhibition through I phasic . Our data in the present study showed that GABA A 484 receptors mediating I tonic constitute a functionally relevant target for neurosteroid 485 modulation of GABA action in SON MNCs. Taken together, these results lead to the 486 proposal that neurosteroid modulation of I tonic as well as I phasic in the SON could be 487 an important mechanism mediating neuronal function and hormonal output in 488 pregnancy. 489
490
In summary, our findings in the present study suggest, in addition to the 491 facilitation of I phasic , pregnane neurosteroids also, and perhaps predominantly, 492 modulate I tonic mediated by α 5 -and γ 2 subunit-containing GABA A receptors in SON 493
MNCs. The results provide significant insights into the molecular configurations of 494 GABA A receptors underlying I tonic and its functional significance in neurosteroid 495 modulation in the magnocellular neurosecretory system. n= 14) and 3α,5α-THDOC (1 μM, n=18). I phasic increase was determined by the 768 difference of mean currents in the absence and presence of the steroids. The mean 769 phasic current was calculated by multiplying the charge transfer by the IPSC 770 frequency. I tonic increase was determined by I holding shift caused by the steroids. Note 771 the much larger I tonic increases than those of I phasic . Data shown are means ± SEM. * 772 P< 0.05 and *** P< 0.001, when compared to I phasic increase. 773 774 775 2.62 ± 0.46 181.3 ± 12.9** 61.55 ± 9.55*** ALLO, allopregnanolone; THDOC, 3α,5α-THDOC * P< 0.05, ** P< 0.01, and *** P< 0.001 before and after drug.
